Witnesses of medieval literary texts, preserved in manuscript, are layered objects, being almost exclusively copies of copies. This results in multiple and hard to distinguish linguistic strata -the author's scripta interacting with the scriptae of the various scribes -in a context where literary written language is already a dialectal hybrid. Moreover, no single linguistic phenomenon allows to distinguish between different scriptae, and only the combination of multiple characteristics is likely to be significant [9] -but which ones? The most common approach is to search for these features in a set of previously selected texts, that are supposed to be representative of a given scripta. This can induce a circularity, in which texts are used to select features that in turn characterise them as belonging to a linguistic area. To counter this issue, this paper offers an unsupervised and corpus-based approach, in which clustering methods are applied to an Old French corpus to identify main divisions and groups. Ultimately, scriptometric profiles are built for each of them.
Introduction
Study on the diatopic variation of medieval French texts rests on the distinction proposed by Remacle [20] between scripta, written language (Schriftsprache), and dialect, spoken language, the latter mostly inaccessible to us. Based on his study of Walloon, this distinction was put forward as a mean to reconcile the difference he observed between the very characterized modern dialect and the medieval written texts from the area, presumably less marked by local traits. In the medieval scripta, he argued, the distinctive traits inherited from spoken Walloon would be present only by mistake or ignorance. Consequently, he formulated the apparently self-contradictory hypothesis that "1. the scripta was the result of a local development, 2. the scripta was a common language whose essential elements were found witnesses. As a consequence, only a combination of traits, individually common with other scriptae, in a given relative frequency, makes the distinction possible. This has led to an emphasis put on quantification, and eventually on statistical multivariate analysis [9, p. 317 ]. This approach is named "dialectometry" since Séguy [22] , or, better in our case, "scriptometry". It is defined by Goebl [10, p. 60-61] as an alliance between linguistic geography and clustering, and it shares some similarities with, for instance, stylometry and other historical text analysis fields. More generally, it can be defined as the measure of scriptologic features. As an exploratory approach, its goal is to reveal underlying structures that escape close reading analysis and are supposed to be more important that the superficial structures visible in the traditional maps of linguistic atlases [10, 11] .
The dialectometric work of Dees or Goebl have been mostly founded on the listing of lexical, phonological or morpho-syntactical traits ("taxation" [10] ), and the analysis of the resulting data. The atlases produced by Dees' team [3, 5] so include a series of maps that each present a quantified opposition between two groups of forms, and can be used [11, 3] as a matrix for computational analysis, both to study the underlying structures of dialectal variation or to locate a new text by confrontation with the already localised ones or to cartography similarities between regions and map dialectal areas [12, 3, 4, 5] .
The work of Dees and his Amsterdam School and, after him, of Goebl and the Salzburg School, have given the rise to a more systematic and objective way to study medieval scriptae (for an historical synthesis, see Volker [27, chap. 2, p. ). Yet, an issue of circularity might still exist, since previous analyses usually based themselves on the localisation assigned to witnesses to identify linguistic areas and scriptological features. I would like to suggest a less supervised approach to the scriptometric analysis of the witnesses of a specific Old French epic genre, the chansons de geste. My aim will be to identify main divisions in the corpus and to create profiles for each of them, and to verify both customary separations between scriptae and the belonging of each individual witness to one of them.
Corpus and Method
In order to limit biases caused by stylistic, thematic or generic variations, this study will be limited to a single genre, the chansons de geste. Previous exploratory analyses, not shown here, on a multi-generic corpus of 299 texts, did confirm that generic differences interacted with linguistic boundaries and created too much noise. Authorship related biases are hard to avoid, but might be counteracted by the very graphic variation observed in the witnesses, a problem in the stylometric analysis of medieval vernacular texts. The corpus of chansons used here is composed of 50 witnesses (see app. A), with 1 104 296 tokens (geometric mean, 12 016, median, 11 490; min., 387; max., 217 942). The tokens are distributed between 52 202 forms (long-tail distribution, with 25 811 hapaxes; geom. mean of 2,57 occurrences, median, 2; 3 rd quartile, 4). Editions were chosen for their use of a base witness ("copy-text") -the emphasis here being on the witnesses and not on the original text -as well as for their availability in digital form. The selection of witnesses was done empirically to have the largest corpus with a representativity of several putative regions of origin. Yet, its heterogeneity is a limitation 2 .
Variation in editorial practice regarding the allographs i/j or u/v and their transcription led me to map all of them on i and u. More generally, to avoid interferences with paleographic variation and perform on the graphematic level, all allographs (including "capitals") were normalized and all abbreviations expanded. The latter might be problematic, as it makes the process dependent on the choices of the editors, and can induce a bias, given that the norm is to use the majority unabbreviated form for expansion, inducing a distorsion favorable to this majority form as compared to the coexisting alternative ones [18, p. 33] .
It is to be noted that the exclusion of allographetic variation is an important simplification of the reality of textual witnesses, done both for contextual (the unavailability of consistent information) and theoretical reasons, based on the assumption that the variation in use of variant letter forms is more dependent on scribe's idiosyncrasies or script variation (textualis, cursiva, etc.), sometimes termed "scribal mode" [15, 16] . In the terminology offered by McIntosh for his "scribal profiles", this means we will restrict ourselves to the "linguistic" by opposition to the "graphetic" components [15] , that is "graphematic", opposed to "allographetic" in the terminology retained here [25] . Yet, given the interest of this latter kind of variation for dating and localising witnesses or identifying scribes, I have undertaken elsewhere to build a corpus of allographetic transcriptions and analyse them using similar techniques 3 . Another dimension of these witnesses that we will not take into account concerns the alterations to the content of the text during its transmission (variants), that is the way in which the behaviour of the scribe alters the text of his model to result in a new copy, that we could term the "diasystemic" component, after Segre's definition [21] .
If previous scriptometric works were based on the "taxation" of a defined list of features, I chose to use a bag-of-words approach on the graphic forms of the texts, in order to avoid inducing a priori the features of the profiles. The main drawback is that occurrences of an identical phenomenon (e.g. graphs of a given diphthong) will be divided between all the forms that attest it. It will also prevent any syntactic feature to be taken into account and will limit the analysis to graphic or morphologic features. On the other hand, more limited habits, on the particular graph of a given lemma, will be fully accounted for. Lexical variation, important for the localisation of texts through the identification of regional words [7, p. 93], will also be analysed this way, even if it makes the analysis highly dependent on content-based variation. For this last reason, the database will be constituted of word rather than n-grams frequencies.
To limit content-based biases (and issues related to the non-Gaussian distribution of word-frequencies), only the most frequent words (MFW) are retained for analysis, an approach common in stylometry as well. Proper names were removed. This selection also leads to focusing the analysis on the dominant linguistic stratum (scribal or otherwise). Since no precise guidelines exist on the number of MFW to retain, robustness of the results will be checked with different levels of selection.
To cluster the witnesses, hierarchical clustering was retained, a common analysis in scriptometrics [10, 12] .We do not yet possess guidelines on the effectiveness of various linkage criteria or distance measures in this field. Experimenting with a variety of those, to retain the one that would seem the best to me, though a heuristic approach advocated by Goebl [10, p. 85 ], would induce a validation bias. As a consequence, I retained Ward's method, because it relies on the barycentre of the data clouds and allows for the constitution of balanced and coherent clusters, often referred to as types, as it minimises intra-cluster variation and maximises intercluster variation [24] . It is usually claimed that only squared euclidean distance is correct to use with Ward's linkage, because it relies on computations in euclidean space. Yet, recent research by Strauss and von Maltitz [24] seems to demonstrate that it can be generalised to use with Manhattan distance, and that this metrics outperforms euclidean in what regards the classification of (indo-european) languages, a statement that agrees with previous research in computational phonology applied to the clustering of (Dutch) dialects [19] , or with the supposed greater efficiency of Manhattan distance with highly dimensional data.
Results
Results were mostly stable with between 600 and 3000 MFW, as well as the agglomerative coefficient (between 0.83 and 0.8). The main divisions ( fig. 1 ) are consistent with scriptological knowledge 4 . The first opposes supposedly AngloNorman witnesses to Continental ones. Inside the Anglo-Norman group, a division opposes older (XII or XIII 1/2 ) to more recent (XIII-XIV) witnesses, arranged in an imperfect chronological order. The orientation is in itself interesting as it seems to confirm the hypothesis that later Anglo-Norman texts, written in a fossilising linguistic context, were more subject to continental norm. The diachronic division of the Anglo-Norman group might also reveal the weakness of diatopic variation in this scripta, in a country where "Normannica lingua, que adventitia est, univoca The third division isolates mostly Central witnesses, but might also be due to authorial attraction between copies of the same text, that are even distributed between witnesses of the A, B and C versions (not the D). This might nonetheless have a linguistic sense, since A1 and A2 (and probably A4), for instance, are known to come from the same workshop [26, p. 434-436] , as well as B1 and B2.
Inside the group containing the rest of the Continental witnesses, which are mostly Eastern (or Lotharingian), divisions are weaker. Nonetheless, three subgroups can be individuated: witnesses from southern Lorraine (right), Burgundy (left), and Lorraine (centre). Many of the apparent exceptions can be explained and concern witnesses whose origin is subject to debate or need rectification. A subgroup of witnesses from Northern Lorraine or North-East appeared in the centre of this subgroup on some of the analyses (AmAmD, GuiBourG, RCambr), but are here grouped with Picard witnesses, maybe because one of them (RCambr) is a Northern copy of a text from the North-East.
Once groups are constituted, linguistic profiles for each of them can be built, at different levels, by estimating which features are the most characteristic with the values-test described by Lebart, Morineau et Piron [13, p. 181-184] 5 , giving us an 5 The values-test is done by comparingX k , the mean of variable X in category k to the overall meanX, while taking into account the variance s k (X) of this variable inside the class: (table 1) shows known features of this scripta, like "the replacement of Standard Medieval French (SMF) o or ou in all positions by u", "the retention of ei where SMF develops oi", and "the retention of dentals in 12 th -century texts" [23, p. 45-46] . Some are not usually cited: the use of e (not et), for instance, or al (not au). The Picard group is also distinctively characterized by its palatalizations, its possessive of 1st and 2nd pers. pl. without -s at the singular regime case or nominative plural (no, vo), the use of tout/tous (not tuit) at the masc. pl. nom., as well as the feminine toutes, or the finales in -s instead of -z.
Further research
For the future of this research, an important aspect is the constitution of a corpus more homogeneous in terms of editorial practice. The extension of the corpus, by the addition of new witnesses, would make possible more focused analyses, with, for instance, more restricted chronological limits. The study of the relevance, both from a mathematical and philological point of view, of other metrics, is also a lead for future improvements. It has been shown here, that, though interesting results on the grouping of the witnesses of literary texts can be obtained, their stratified nature remains an obstacle, causing some witnesses to switch groups according to either the presumed scripta of their scribe, or the language of the author of the original text. Finding a more satisfying way to account for this phenomenon would be paramount to the scriptometric study of the tradition of medieval literary texts.
